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DFFRPSOLVK D VSHFLILF WDVN UHJDUGOHVV RI VHYHUH ZRUNLQJ
FRQGLWLRQV WKDW PD\ H[LVW GXULQJ WKHLU VHUYLFH OLIH 7KHUPDO
VKRFNVG\QDPLFORDGLQJDQGXQORDGLQJIDWLJXHDQGZRUNLQJ
LQ FRUURVLYH HQYLURQPHQWV DUH IHZ H[DPSOHV RI VXFK WRXJK
FRQGLWLRQVZKLFK LPSRVH VHYHUDO OLPLWDWLRQVRQ WKHGHVLJQRI
SDUWV DQG HYHQWXDOO\ PDQXIDFWXULQJ SURFHVVHV WR EH
LPSOHPHQWHG 7KHUHIRUH HDFK SDUW HLWKHU ZRUNLQJ VROHO\ RU
ZRUNLQJ WRJHWKHU LQ DQ DVVHPEO\PXVW EHZHOO GHVLJQHG DQG
SUHFLVHO\PDQXIDFWXUHGWRZRUNLQDUHOLDEOHDQGVDIHPDQQHU
>@
7KHTXDOLW\DQGFRQGLWLRQRI WKHVXUIDFH LVRQHRI WKHNH\
IDFWRUV WKDW SOD\V DQ LPSRUWDQW UROH LQ GXUDELOLW\ DQG
VXVWDLQDELOLW\RISDUWVGXULQJWKHLUVHUYLFHOLIH7KHVXUIDFHRID
ZRUNSLHFH FDQEH KLJKO\ DIIHFWHGE\PDFKLQLQJSURFHVVHV LQ





GHIHFWV )RU WKLV UHDVRQ PDFKLQLQJ RSHUDWLRQV DUH XVXDOO\
IROORZHGE\VRPHILQLVKLQJRSHUDWLRQVVXFKDVJULQGLQJVDQG
EODVWLQJ VKRW SLQQLQJ HWF WR HLWKHU LPSURYH WKH TXDOLW\ RI
VXUIDFHRUWRGHFUHDVHWKHGHQVLW\RIVPDOOFUDFNVDQGWRLPSRVH
FRPSUHVVLYHVWUHVVLQRUGHUWRSUHYHQWFUDFNSURSDJDWLRQ7KHVH
W\SLFDO ILQLVKLQJ RSHUDWLRQV UHPRYH GHIHFWV IURP VXUIDFH RU
LQGXFHFRPSUHVVLYHUHVLGXDOVWUHVVHVWRGHFUHDVHWKHHIIHFWVRI
SUHYLRXVO\ DSSOLHG PDFKLQLQJ SURFHVV DQG WR LPSURYH WKH




$PRQJ WKHPDFKLQLQJRSHUDWLRQVEURDFKLQJ LV DQROGEXW
LPSRUWDQW SURFHVVZKLFK KDV D JUHDW FDSDELOLW\ LQ SURGXFLQJ
SURILOHVWKDWFDQQRWEHDFKLHYHGE\RWKHUPDFKLQLQJSURFHVVHV
7KHVH SURILOHV LQFOXGH EXW DUH QRW OLPLWHG WR NH\ZD\V
JXLGHZD\VDQGVSOLQHV,QEURDFKLQJDOORIWKHURXJKLQJVHPL
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ZRUNSLHFH VXUIDFH VXFK VXEVXUIDFH PLFURKDUGQHVV DQG
VXEVXUIDFHPLFURVWUXFWXUH
6XUIDFH,QWHJULW\LQ%URDFKLQJ
7KH WHUP VXUIDFH LQWHJULW\ FDQ EH XVHG WR GHVFULEH WKH
IHDWXUHVDQGFKDUDFWHULVWLFVRIVXUIDFHUHJLRQRIDFRPSRQHQW




PDFKLQHG SDUW 7KHVH GHIHFWV DUH SURGXFHG IURP GLIIHUHQW
PDFKLQLQJ SURFHVVHV DQG WKH\ FDQ VLJQLILFDQWO\ DIIHFW WKH
SHUIRUPDQFHRIWKHILQDOFRPSRQHQW7KHUHIRUHLQYHVWLJDWLQJ
WKHHIIHFWVRISURFHVVSDUDPHWHUVDQGPDFKLQLQJVWUDWHJLHVRQ
WKH PDFKLQHG VXUIDFH EHIRUH XWLOL]LQJ D FHUWDLQ PDFKLQLQJ
SURFHVVLVDQ LPSRUWDQWVXEMHFW6XUIDFH LQWHJULW\ LVJHQHUDOO\
GLYLGHG LQWR WZR PDLQ FDWHJRULHV ZKLFK DUH WRSRJUDSK\
FKDUDFWHULVWLFV DQG VXUIDFH OD\HU FKDUDFWHULVWLFV 6XUIDFH
URXJKQHVVZDYLQHVVIRUPHUURUVDQGIODZVFDQEHFODVVLILHG
XQGHU WKH WRSRJUDSK\ FKDUDFWHULVWLFV ZKLOH WKH VXUIDFH OD\HU
FKDUDFWHULVWLFVLQFOXGHEXWDUHQRWOLPLWHGWRUHVLGXDOVWUHVVHV
VXEVXUIDFH PLFURKDUGQHVV SODVWLF GHIRUPDWLRQ
UHFU\VWDOOL]DWLRQ DQG SKDVH WUDQVIRUPDWLRQV 6XUIDFH
WRSRJUDSK\DQG VXUIDFH OD\HU FKDUDFWHULVWLFV DUH LPSRUWDQW DV
WKH\ KDYH D PDMRU FRQWULEXWLRQ WR VWUHQJWK DQG SHUIRUPDQFH
UHOLDELOLW\RISDUWVLQPDQ\FDVHV>@




PDWHULDO IURP WKHZRUNSLHFH VXUIDFHDQG LW LQWURGXFHVSODVWLF
GHIRUPDWLRQWRWKHPDFKLQHGVXUIDFH,QWKLVFDVHLIWKHULVHSHU
WRRWK WKH GLIIHUHQFH EHWZHHQ WKH KHLJKWV RI WZR VXFFHVVLYH
FXWWLQJWHHWK LV OHVV WKDQWKHGHSWKRIFROGZRUNHGOD\HU WKH
QH[WFXWWLQJHGJHWKHQHQFRXQWHUVWKHSUHYLRXVO\FROGZRUNHG
OD\HUDQGLWPXVWUHPRYHDKDUGHUOD\HURIZRUNSLHFHVXUIDFHLQ





GHDOLQJ ZLWK VXUIDFH LQWHJULW\ JHQHUDWHG E\ PDFKLQLQJ
SURFHVVHV>@EURDFKLQJKDVUHFHLYHGOLWWOHFRQVLGHUDWLRQLQ
UHVHDUFK DQG OLWHUDWXUH >@  2QH RI WKH IHZ UHVHDUFK ZRUNV
LQYHVWLJDWLQJWKHVXUIDFHLQWHJULW\RIEURDFKHGVXUIDFHKDVEHHQ
SUHVHQWHGE\+H>@LQZKLFKWKHHIIHFWVRIEURDFKLQJSURFHVV
RQ WKH VXUIDFH URXJKQHVV VXEVXUIDFH PLFURKDUGQHVV DQG
VXEVXUIDFH UHVLGXDO VWUHVV RI D WLWDQLXP ZRUNSLHFH ZDV
H[SHULPHQWDOO\ H[DPLQHG +RZHYHU WKH HIIHFW RI HDFK
LQGLYLGXDO WRRWK ZDV QRW FRQVLGHUHG LQ +H¶V UHVHDUFK






LQ WKH DXWRPRWLYH LQGXVWU\ ZDV VHOHFWHG DV WKH VDPSOH
















3.2. Workpiece material 
7ZRW\SHVRIVWHHO$,6,/$,6,DQGRQHW\SHRI
DOXPLQXP $O ZHUH VHOHFWHG DQG XVHG DV ZRUNSLHFH
PDWHULDOV7KHPHFKDQLFDOSURSHUWLHVRI WKHVH WKUHHPDWHULDOV




 $,6,/ $,6, $OXPLQXP
E(Mpa)   
ɐyield(Mpa)   
ɐultimate(Mpa)   





VKDSH ZLWK GLPHQVLRQV VLPLODU WR WKRVH RI WKH VHFWLRQ WR EH
EURDFKHGRQWKHFRXSOLQJ7KHKROHWKDWLVUHTXLUHGWRVWDUWWKH




D KRRG WR NHHS WKH ZRUNSLHFH DOLJQHG ZLWK WKH WRRO DQG WR
SUHYHQWDQ\ODWHUDOPRWLRQGXULQJPDFKLQLQJ7KHIL[WXUHKDV
WKHFDSDELOLW\ WREHPRXQWHGHLWKHUGLUHFWO\RQWKHEURDFKLQJ
PDFKLQH WDEOH RU RQ WKH G\QDPRPHWHU ZKHQ FXWWLQJ IRUFH
DFTXLVLWLRQ LV UHTXLUHG 'HWDLOHG GHVFULSWLRQ RI FXWWLQJ IRUFH
VLPXODWLRQLQEURDFKLQJSURFHVVKDVEHHQSUHVHQWHGLQ>@)LJ















FXWWLQJ VSHHG RI  PPLQ $IWHU ILQLVKLQJ WKH WHVWV WKH
ZRUNSLHFHV ZHUH FXW LQ UDGLDO GLUHFWLRQ SHUSHQGLFXODU WR








DQG )LJ  WKDW WKH VXEVXUIDFH SODVWLF GHIRUPDWLRQ FROG
ZRUNLQJ RQ WKH PDFKLQHG VXUIDFH ZKLFK RFFXUV GXULQJ WKH
EURDFKLQJSURFHVVKDVGUDVWLFDOO\DOWHUHGWKHVXEVXUIDFHOD\HU












x 7KH ZRUNSLHFH PD\ QRW EH ZRUNLQJ SURSHUO\ XQGHU WKH













ZKLFK LV GHPRQVWUDWHG E\ KLJKHU PLFURKDUGQHVV DIWHU RQH
FRPSOHWH VWURNH RI WKH WRRO ,W FDQ EH QRWHG IURP SODVWLF
GHIRUPDWLRQVDQGPLFURKDUGQHVVUHDGLQJVWKDWLQ$OZKLFK
LVUHODWLYHO\VRIWHUWKDQVWHHOWKHGHSWKRIFROGZRUNHGOD\HULV







FRPSDUDWLYHO\ ORZ LQ EURDFKLQJ WKH WHPSHUDWXUH LV QRW DV
HIIHFWLYH DV FXWWLQJ IRUFHV LQ DIIHFWLQJFROGZRUNLQJ&XWWLQJ
IRUFHLVWKHGRPLQDQWHIIHFWLYHSDUDPHWHURQWKHGHSWKRIFROG
ZRUNLQJ ZKLFK LV LQFUHDVHG RU GHFUHDVHG E\ LQFUHDVLQJ RU
GHFUHDVLQJULVHSHUWRRWKIHHGLQEURDFKLQJLVEXLOWLQWKHWRRO
DV ULVH SHU WRRWK RU RWKHU JHRPHWULFDO SDUDPHWHUV VXFK DV
FXWWLQJHGJHUDGLXV ,QEURDFKLQJH[FHSW WKHILUVW WRRWKHDFK
WRRWKUHPRYHVDOD\HURIPDWHULDOZKLFKKDVEHHQFROGZRUNHG
E\WKHSUHYLRXVRQHVKHQFHWKHFXWWLQJIRUFHVPD\JUDGXDOO\




LQWHJULW\ LQ EURDFKLQJ SURFHVV$Q+66 EURDFKLQJ WRROZLWK




VXUIDFH LQ WHUPV RI VXEVXUIDFH PLFURVWUXFWXUH SODVWLF
GHIRUPDWLRQRUFROGZRUNLQJDQGVXEVXUIDFHPLFURKDUGQHVV
7KHVH HIIHFWV PXVW EH WDNHQ LQWR FRQVLGHUDWLRQ GXULQJ WKH















>@ 'HJDUPR (3 %ODFN -7 .RKVHU 5$ 0DWHULDOV DQG SURFHVVHV LQ





6DRXELD 5 2XWHLUR -& &KDQJHX[ % /HEUXQ -/0RUDR'LDV $
5HVLGXDOVWUHVVDQDO\VLVLQRUWKRJRQDOPDFKLQLQJRIVWDQGDUGDQGUHVXOIXUL]HG
DLVLOVWHHOV-RXUQDORI0DWHULDOV3URFHVVLQJ7HFKQRORJ\





LQ WKH KDUG WXUQLQJ RI EHDULQJ VWHHO -RXUQDO RI 0DWHULDOV 3URFHVVLQJ
7HFKQRORJ\±
>@ 9DOLRUJXH )  5HFK - +DPGL + *LOOHV 3  %HUJKHDX -0 $ QHZ
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